Abstract
Introduction
There is broad consensus that climate change is a reality and that its causes are significantly anthropogenic in origin, with the IPCC (2007) noting that mean, maximum, and minimum temperatures have increased 0.14°C per decade since 1971.
The Philippines will be particularly affected by climate change, with the country's average annual mean temperature projected to increase by 0.9°C-1.2°C by 2020 and 1.7°C-3.0°C by 2050 (UNFCCC 2007; World Bank 2010a) . Issues with great pertinence to the Asia Pacific, such as increased typhoon activity and sea level rise (World Bank, 2010a) or food security (Bandara and Cai, 2014) , are now emerging as critical challenges in the Philippines. For instance, the projected impacts of climate change on the Philippines include increased typhoon activity and a projected 30 centimetre rise in sea level by 2045. This is close to the Asian Development Bank's (ADB, 2009) 'low scenario' which indicates these rises would affect 2,000 ha and around 500,000 people. The main aim of this paper is to evaluate and analyse the potential short and long-term economic effects on the Philippine economy of policy responses to climate change, including the introduction of a carbon tax, improvements in energy efficiency and changes in the energy mix using a computable general equilibrium (CGE) model referred to as the PHILGEM-E model.
The remainder of this paper is organised as follows. Section 2 provides a brief overview of the use of CGE models in climate change policy and discusses the structure of PHILGEM-E model.
Section 3 outlines the results from the modelling of three policy responses while Section 4 discusses their implications. Section 5 concludes the paper.
Methodology

The use of CGE models in climate change policy
CGE models are widely used tools in economic analysis. They have been applied to the evaluation of a range of potential impacts including on welfare, outputs, prices, consumption, international trade, income distribution, poverty, pollution, and other indicators of policy actions and events in international trade, government spending and taxation, and the environment (for a discussion of these issues see Cabalu and Rodriguez, 2007; and Cororaton and Cockburn, 2007) . CGE models represent the entire economic systems and are able to accommodate macroeconomic feedbacks through changes in the price of goods and costs of production when policy shock occurs. The appeal of these models is also based mainly on their ability to combine economic theory with actual data of the entire economic system. It is therefore able to generate insights on the effects of policies and events in a context that is a step closer to the real world without severely compromising economic theory. CGE models have been used extensively in the analysis of climate change with a particular focus on the impact of mitigation efforts. These include static and dynamic versions of multi-country and country-specific models (Fujimori et al., 2014a) .
International CGE models on mitigation
CGE models focussed on mitigation examine the impacts on economies of reducing greenhouse gas emissions. Reflecting the wide range of potential policy levers, CGE models have evaluated climate change mitigation in a number of ways. These include the use of taxes, trading of emission permits, abatement investments, and quantitative limits on emissions. Multi-country and country-specific models have been used in this analysis. Recent examples of studies that used multi-country models include: Fujimori et al. (2014b) , Timilsina and Mevel (2013) , Calzadilla et al. (2011), Nurdianto and Resosudarmo (2014) , Klepper and Peterson (2006) , Babiker (2005) , and Bohringer (2000) , with these studies drawing on earlier research from studies such as Whalley and Wigle (1991) . Specific models have been developed for a number of countries including Australia (Allen Consulting Group, 2006; Adams and Mai, 2002; McDougall, 1993) , Austria (Breuss and Steininger, 1998) , China (Garbaccio et al., 2010) , India (Pal et al., 2015; Rana, 2003) , Yusuf et al., 2010) , Ireland (Jensen et al., 2003) , Israel (Palatnik and Shechter, 2008) , Malaysia (Jaafar and Al-Amin, 2008) , Norway (Brendemoen and Vannemo, 1994; Glemsrod et al., 1992 ), South Africa (van Heerden et al., 2006 and Turkey (Telli et al., 2009 ).
Carbon taxes have been prominent in policy discussions to reduce the quantity of carbon dioxide emissions and evaluating the impacts of taxes on carbon emissions are among the most popular measures in CGE models. Some of these studies based emission cuts on existing or proposed agreements and targets. For example, Palatnik and Shechter (2008) , Klepper and Peterson (2006) , Babiker (2005) , Bollen et al. (2000) and Bohringer (2000) based their targets on the Kyoto protocol while Yusuf et al. (2010) focused on the Indonesian action plans submitted to the Copenhagen Accord. There are also studies which used rather arbitrary targets for emission cuts. Examples include McDougal (1993) and van Heerden et al. (2003) which imposed a tax of $25 and $5 per ton of carbon dioxide emissions, respectively. In some cases, the amount of the tax was calibrated to generate a predetermined level of emissions reductions. For example, Garbaccio et al. (1998) used a tax of 9 yuan/ton of carbon in the first year of the simulation run in order to achieve a 5% cut in emissions. Another example is that of Klepper and Peterson (2006) , who estimate the magnitude of carbon taxes for European member states that are necessary to meet their Kyoto targets. The simulation results indicate that the amount of tax ranges from 5 euros (France and Greece) to 60 euros (Denmark and Ireland) per ton of CO2 emission.
The direct impact of carbon taxes is through price increases where emissions-intensive goods will have higher market prices and/or lower profits as firms pass on to consumers the cost of reducing emissions. To reduce the burden of the abatement costs on consumers, some firms react by implementing conservation measures, energy efficient investments, fuel and product switching, and changing the economic production and consumption structures (Baranzini, et al., 2000) .
There is evidence from other studies (OECD 1994 (OECD , 1996 (OECD , 1997 Jaffe et al., 1995 ) that due to carbon or energy taxes, some energy-intensive firms relocate investment and production to other countries while other firms merely shut down or reduce capacity. In the case of the Philippines, firms react by changing economic production structures by switching from coal to natural gas as a production fuel, and reducing the level of output as a result of lower household income and hence domestic consumption and demand. This leads to a fall in GDP and price. The distributional impact of carbon taxes is another major issue in determining the policy's acceptability. Arising from this distributional impact are two key financial issues (OECD, 1994) .
Firstly, who gains more and who gains less from the environmental benefit? Secondly, who pays more or who pays less for the financial effects such as compliance or implementation costs?
Most of the previous studies (Poterba, 1991; OECD, 1994; OECD, 1996; Baranzini et al., 2000; Boyce at al., 2005; Yusuf and Resosudarmo, 2015; Corong 2007; focus on the distributional impacts of financial costs and measure them across different dimensions such as the distribution between households over different income groups; between different household types; between rural and urban households and between different generations.
The majority of the studies focus on the distributional impact across different income groups and confirm the regressivity of the carbon tax. That is, lower income groups pay disproportionately more as they spend a larger fraction of their available income on energyintensive commodities than high-income groups. However, a study on China by Boyce et al. (2005) and on Indonesia by Yusuf and Rososudarmo (2015) suggest that even without revenue recycling, the effect of a carbon tax is progressive when results are primarily driven by differences between urban and rural expenditure patterns, particularly where rural areas are poor. Rural households consume less energy-intensive (manufactured) products with energy use fuelled by firewood and other such products. Another driver of Boyce et al.'s results is the impact of carbon tax on household income through changes in commodity and factor prices and employment caused by the changes in output composition.
There are other market based instruments, aside from a carbon tax, that can create the desired effects of reducing emissions. examine the impacts of taxes on energy inputscoal, petroleum, gas and electricity. The study finds that the model's 10% energy tax is equivalent to a 14.2% reduction in carbon dioxide emissions by the year 2020. Another study by McDougall (1993) explores energy taxes on fossil fuels and taxes on refined petroleum products. A comparison of four types of taxes is also presented by van Heerden et al. (2003) .
An important concern in the analysis is how the revenues from the tax changes are used in the economy. Carbon taxes offer an additional source of revenues for the government. The manner, in which these revenues are used in the model, if at all, will affect the conclusions of the study. Breuss and Steininger (1998) Another measure examined in CGE models is the increase in investments in green technologies. , for example, examine the impacts of energy-saving investments on activities that will reduce emissions from energy inputs. The study also evaluates different schemes for financing investments such as taxes on polluting energy inputs and/or foreign aid. A related measure is the introduction or promotion of cleaner energy sources. An example here is the study of Rana (2003) which examines the impacts of lower costs of solar power on carbon emissions.
Babiker (2005), Wing (2009) and Whalley and Wigle (1991) provide an analysis of the impacts of emission cuts without identifying a specific action (i.e., taxes, trading, etc). The results from these studies can be interpreted as the impacts of simple quantitative restrictions on emissions.
The controlled setting of CGE models offer a means by which a comparative analysis of the different instruments can be made possible. McDougall (1993) for example uses the model to compare three possible instruments -energy taxes on fossil fuels, carbon taxes, and taxes on refined petroleum products. , on the other hand, explore the role of various financing schemes -taxes and foreign aid -for energy-saving investments.
The extensive use of dynamic CGE models also facilitates the analysis of issues regarding the timing of the implementation of climate change policies. For example, Allen Consulting Group (2006) evaluates the impacts of early action and delayed action scenarios in achieving greenhouse gas emission targets by the year 2050. In the early action scenario, the authors assume emissions reductions take place from 2013 to 2050. On the other hand, the delayed action scenario assumes that the reduction in emissions will only begin in 2022, which in turn requires steeper cuts in emissions in order to achieve the targets for 2050.
It is important to note that there is an abundance of studies which have a different focus but can be useful in the analysis of climate change. Adkins and Garbaccio (2002) and Kang and Kim (2004) , for example, examine the impacts of trade reforms on carbon dioxide emissions and other air pollutants. To the extent that carbon taxes and trade reforms -especially the removal or reduction of import tariffs -have contrasting effects on government revenues, such studies offer an alternative mechanism by which the revenues from carbon taxes are reallocated to the rest of the economy. The study of Beghin et al. (1999) potentially offers a broader set of results as it provides links between trade integration, air pollution and health.
Philippine CGE models and climate change
Of the Philippine CGE models that have been developed, only Corong (2007; explicitly deal with climate change. Corong (2007) focuses on the impacts of a 385 peso/ton carbon tax (valued at 1994 prices). In separate experiments, the author also examines the impacts of a 60% reduction in nominal tariffs, and a combination of the tariff cuts and the carbon tax.
Government revenues were kept constant in all simulations by adjusting income taxes. Among the key findings of the study is that the carbon tax is likely to cause a decline in aggregate output and household incomes, and an increase in poverty. However, it also finds that the 60% reduction in nominal tariffs is able to overcome the negative impacts of the carbon tax.
Experiments that combine both initiatives indicate an increase in aggregate output and reduction in poverty.
The analysis in Corong (2008) was along the same lines as Corong (2007) . However, the tariff reductions were based on actual changes from 2000 to 2006 and the carbon tax (100 pesos/ton) was designed to reduce carbon emissions by 1%. The study also explores different scenarios on how the revenues from carbon taxes are used and alternative closure rules for the labour market.
Corong (2008) highlights four results from the analysis. First, the tariff reductions from 2000 to 2006 generate a decline in consumer prices that outweigh the increase in consumer prices caused by the carbon tax. Second, the strongest declines in consumer prices and disposable incomes occur when revenues from carbon taxes are used to reduce indirect taxes. Third, the reduction in poverty is smaller when the full employment assumption is relaxed in the analysis.
Finally, the most favourable scenario in terms of reducing poverty and improving consumer welfare is when revenues from carbon taxes are used to cut income taxes.
The two papers above illustrate how the Philippine CGE models can be used in the analysis of mitigation policies, particularly with a carbon tax. The authors also explore mechanisms, such as trade policy and revenue recycling, to soften or overcome the negative economic impacts of the carbon tax.
It is also important to note that there are some Philippine studies which explored instruments to reduce carbon emissions without specifying climate change policy as an objective. Dufournaud et al. (2003) and Rodriguez (2009b) show how a commercial logging ban and promoting biofuels in the Philippines can reduce carbon emissions. Inocencio et al. (2001) showed how by introducing an emissions tax on biochemical oxygen demand (BOD) can be used as a tool to implement a carbon emissions reductions. Dufournaud et al. (2003) and Inocencio et. al. (2001) also conduct experiments where changes in trade policy interact with commercial logging bans and an emissions tax.
The PHILGEM-E model of the Philippine economy
The CGE model employed in this paper is a modification of PHILGEM (Corong and Horridge, 2012 (i) Allows for energy substitution in non-energy industries;
(ii) Distinguishes electricity generation by technology;
(iii) Allows the electricity sector to substitute away from carbon-intensive towards less carbon-intensive and/or carbon-free generation technologies; and (iv) Accounts for carbon emissions associated with different fuel types and emissions generated by various agents.
The model assumes that each industry minimises costs subject to constant returns to scale (CRTS) production technology; and is a price taker for inputs and outputs. Typical of CGE models, it operates based on the optimizing decisions of each agent in the economy. The demand-side assumes cost minimization, whereas the supply-side assumes profit maximisation.
The industry and commodity classifications of the model's database are listed in Table 1 . It should be noted that the industry classification differs slightly from the commodity classification. There are 35 industries classified into: 6 agriculture; 3 mining-related; 3 processed food and beverage; 8 manufacturing industries which include petroleum refining; 7 electricity industries composed of 6 types of generation technology and an electricity distribution sub-industry; and 8 service industries which include public services.
[Insert Table 1 here]
Multi-production is confined to two industries. The first, crude oil and natural gas extraction produces natural gas and crude oil commodities. The other multi-product industry is petroleum refining which produces 5 commodities, namely: gasoline, diesel oil, fuel oil, liquefied petroleum gas, and other petroleum products. Each of the remaining 33 industries produces a unique commodity. Out of 40 commodities, 8 are classified as carbon emitting fuels, while 3 commodities are classified as margin commodities. Margin commodities are required to facilitate the flows of other commodities from producers (or importers) to users. In addition, the database classifies representative households into 'urban' and 'rural', while labour is disaggregated into 'skilled' and 'unskilled'.
A graphical representation of the underlying input-output table for the model is presented in Figure 1 . The basic structure of the PHILGEM-E model and the columns in this absorption matrix contain the areas of demand from:
(1) Domestic producers divided into industries [Insert Figure 1 here]
The MAKE matrix reports the value of output of each commodity by each industry, where each industry is capable of producing any commodity C. Tariffs on imports are applied at varying rates for commodities but not for users. In other words they are uniform across all users for a given commodity, with the tariff vector V0TAR reporting revenue raised from their application.
Finally, the carbon emissions matrix reports carbon emissions by type of fuel, by source, and by user. emissions while diesel, gasoline and natural gas account for 24%, 11% and 10% shares, respectively. In terms of emitting sectors, the main sources of emissions were electricity generation and transport due to their reliance on fossil fuels-together they account for 75% of total carbon emissions in the economy. Manufacturing follows with 16%, while the combined share of agriculture and household is 8%. Carbon emissions from petroleum refining contribute around 1%.
[Insert Figure 3 here]
Results
The Philippines is a minor carbon emitter relative to other Asian countries ( Figure 4) [Insert Figure 4 here]
The Baseline Case
Using the initial database and exogenous information including a 5% yearly depreciation rate and a 6% GDP growth forecast, the dynamic model is solved to generate a plausible balanced growth path (baseline forecast) from 2010 to 2020. Assuming the Philippines continues with its current policy regime, total fossil-fuel related carbon emissions will increase from 74.5 MtCO2e in 2010 to 122.4 MtCO2e in 2020 ( Figure 5 ). This 69% growth is largely due to the significant increase in emissions coming from carbon-intensive fuels, particularly coal, diesel, gasoline and fuel oil. Figure 6 tracks the carbon emission trajectory of different types of fossil fuels overtime.
It shows that emissions generated from coal, diesel oil and gasoline would rise by 22%, 6.8% and 6.3% respectively, while emissions from natural gas would increase by roughly 6%. This is not surprising given that electricity generation in the Philippines is heavily reliant on fossil fuels and less on carbon-free and renewable generation technologies (Figure 7 ).
[Insert Figures 5, 6 , and 7 here]
Effects of a carbon tax
This simulation involves the imposition from 2015 to 2020, of a 200 peso tax per metric ton of carbon emission arising from fossil fuel use. This amount is equivalent to the current European market carbon price of $US5. Implementing a carbon tax reduces total Philippine carbon emissions by 1.1% in the first year of implementation; and a 9.8% cumulative reduction by 2020. As shown in Table 2 , much of the decrease is due to the reduction in coal-related carbon emissions (8.2%). This is expected since coal bears the full burden of the carbon tax-i.e., being the most carbon-intensive fuel and the major source of energy in the Philippines. The combined cumulative emission reduction of diesel oil, gasoline and liquefied petroleum gas (LPG) is 2.3%
by 2020. Despite the carbon tax, carbon emissions from natural gas increase by 0.5% by 2020. This is because the electricity industry substitutes away from coal towards natural gas-fired power generation, and alternative carbon-free generation technologies.
The gain for the environment comes at a cost in terms of contraction in the GDP as well as household income reduction. Real GDP growth falls by 0.1% and 0.6% by 2015 and 2020, respectively. Table 3 decomposes the contribution of each GDP component to total changes in GDP. It shows that the reduction in real GDP overtime is anchored on falling aggregate consumption, investment, and government expenditure. Aggregate consumption and investment each registers a 0.6% cumulative contraction by 2020, while cumulative government expenditures fall by 0.1%. Exports expand by 0.2%, while lower imports help augment GDP growth by 0.4%. Table 4 shows the movements in economy-wide price indices.
Although the aggregate consumer price index (CPI) registers a cumulative fall of 0.1% by 2020, it is not enough to boost aggregate real consumption which contracts by 0.6%. Falling consumption is traceable to income-effects as all households experience a real income reduction of 1.2% by 2020. As shown at the bottom of Table 4 , the carbon tax results in falling nominal factor returns which in turn reduces both nominal and real household income. Falling income combined with rising unemployment (-0.6% by 2020) then depresses household consumption.
In spite of higher energy prices brought about by the carbon tax, it is important to note that the GDP price deflator falls (Table 4 ). This arises mainly from industry output price effects, which confirms that lower price of value added (labour and capital) outweighs the impact of higher energy prices. In the wake of rising energy costs, firms reduce their output. As demand for primary factors are tied to output levels, firms reduce their employment, thereby resulting in falling economy-wide wages. In turn, lower output reduces profitability which drives down the return to capital. The lower price of capital then reduces production and demand for investment goods, thus explaining why aggregate investment registers a 0.6% cumulative reduction by 2020.
The export price index falls (Table 4) in the wake of falling output prices and general price level.
As a result, the terms of trade deteriorates while the real exchange rate depreciates (-0.1% and 0.3% in Table 4 ). Both these effects make Philippine exports relatively cheaper in the international market hence boosting cumulative exports (0.2% in Table 5 ). Exports increase particularly for the export-intensive semi-conductor commodity which accounts for roughly 80% of total exports. This is the reason behind the output expansion of the semi-conductor industry (Table 5 ). The real exchange rate depreciation also reduces over-all demand for imports (-0.2% by 2020), as they are now relatively more expensive.
The carbon tax leads to an output contraction for most industries (Table 5 ). This is especially so for those producing carbon emitting fuels as demand for their products fall. The most affected industry is coal. Its output falls by 0.5% on the first year of carbon tax implementation and 9.7%
by 2020. Production level of the petroleum refining sector falls by 2.3% by 2020 as the economy reduces its consumption of carbon-emitting fuels. The "crude oil and natural gas extraction" industry also registers an output contraction of 1.7% by 2020. Among non-energy producing industries, metal products have the highest cumulative output contraction (-2.6% by 2020). This is largely due to its reliance on carbon emitting production inputs, notably in cement manufacturing, which is an intensive user of coal.
The effect on the electricity industry is as expected. The carbon tax imposes its heaviest burden on coal-fired electricity generation, which experiences a cumulative output contraction of 22.6% by 2020. The carbon tax also induces the electricity sector to substitute away from carbon-intensive coal towards less carbon-intensive energy like natural gas and oil, as well as carbon-free energy such as hydro-power, geothermal power and renewables. Indeed, outputs of electricity generated from hydro, geothermal and renewables show a cumulative increase of 20%, 14.5% and 14.8%, respectively. As well, electricity generated from less carbon-intensive oil and natural gas increases by 7.9% and 3%, respectively. It should be noted that, as shown in Figure 6 , electricity generated from natural gas accounts for 28% while oil only accounts for 11.5%. Hence, in absolute terms, the output increase in electricity generated from natural gas output is higher than that of oil.
The impacts of the carbon tax are likewise felt at the household level. Table 6 shows the effect on households, which are classified into urban and rural households. The pattern of effects is the same across households, although the magnitude differs. Nominal incomes of rural households fall less because they are mostly employed in agriculture which contracts less. Price reduction impacts more significantly on urban dwellers due to their higher reliance on manufactured goods for which commodity prices decrease more. Nevertheless, urban-based households experience a slightly higher reduction in cumulative real income by 2020 (-1.1 for rural vs. -1.2 for urban households).
Effects of improvement in energy efficiency
This simulation analyses the economy-wide effects from 2015 to 2020, of a 2% across the board energy efficiency improvement in all non-energy sectors and a 2% over-all efficiency improvement in electricity generation. Table 2 shows that efficiency improvements contribute to an 8.5% reduction in total cumulative carbon emissions by 2020. Similar to the carbon tax scenario, reduced emissions from coal burning contributes the most with 4.2% followed by diesel, fuel oil, natural gas and gasoline with a combined cumulative reduction of 4.3%. Carbon emissions of LPG and other petroleum increase marginally, but their emissions are offset by the higher emission reduction from other more carbon-intensive fuels. Note that natural gas emissions fall under this scenario, while it increases in the carbon tax scenario.
Relative to the baseline, efficiency improvements expand real GDP by 0.3% in 2015 and produce an additional 1.9% cumulative growth by 2020 (Table 3) . A decomposition of total changes in GDP growth reveals that both consumption and investment contribute the most, with 1.7% and 0.8% respectively. However falling exports and higher imports (-0.7% and -0.4%, respectively) act to reduce the increase in real GDP growth.
The movements in economy-wide indices are shown in Table 4 . The aggregate consumer price index (CPI) shows a cumulative increase of 0.7% by 2020, while the investment price index increases slightly more by 0.8% by 2020. Higher aggregate consumption can be traced to higher factor returns as wages, return to capital and land rentals increase (Table 4 ). This in turn results in a 0.5% increase in nominal household income by 2015 and a 3.1% cumulative increase by 2020. Thus, despite a higher CPI, household real income registers a cumulative increase of 2.4% by 2020. Higher real income coupled with rising employment (0.9% by 2020) augment aggregate household consumption.
A majority of industries experience output expansion in light of improvements in energy efficiency (Table 5) . However, this is not the case for energy producing industries that see their output level contract-as energy efficiency improvements bring about lower demand for their outputs. The biggest output gain is from the electricity sector with output growth ranging between 0.2% in oil-fired power generation and 3.3% in renewable-power generation by 2020.
The GDP price deflator registers a cumulative 1.1% increase by 2020 (Table 4) due to higher cost of production emanating from higher factor prices. As explained earlier, demand for primary factors is tied to output levels. Higher output results in higher demand for labour, which then triggers an increase in wages. Moreover, higher output increases profitability of industries, thereby forcing rental rates (capital and land) to go up. This profitability then increases production and demand for investment goods, in turn producing an 0.8% cumulative increase in aggregate investment by 2020.
The export price index increase (Table 4) owing to higher cost of local production. Higher export prices results in an improvement in terms of trade (0.4% in Table 4 ) and a real exchange rate appreciation (-1.1 in Table 4 ). Both these effects make exports relatively more expensive abroad, leading to 0.7% reduction in cumulative exports by 2020 (Table 3 ). The real exchange rate appreciation also makes imported products relatively cheaper leading to a 0.2% cumulative increase in imports by 2020.
Households are better off as a result of efficiency improvements. Indeed, they benefit directly from higher returns to primary factors. As shown in Table 6 , all households experience a 2.4%
cumulative increase in real income by 2020-as a rise in the consumer price index of 0.7% is outweighed by a higher increase in nominal income of 3.1%.
Effects of changes in electricity generation mix
The final policy simulation examines the combined effect of efficiency improvements (as performed in the previous simulation) and a policy prescribing an alternative electricity generation mix. From 2015 to 2020, a shift from coal-based to renewable-based electricity sourcing is imposed. A majority of results are similar to the energy efficiency simulation with only a few marked differences. Table 2 shows that efficiency improvements combined with changing the electricity generation mix results in an 11% reduction in total cumulative carbon emissions by 2020 -2.5 percentage points higher relative to efficiency improvements alone.
This difference is due to the additional emission reduction contribution of coal which falls by 7.7% in this scenario compared to 4.2% in the previous scenario.
The output effects of each electricity generation fuel source are shown in Table 5 . Owing to shift in electricity generation away from coal, the output of coal-fired power plants falls by 11.8% while the output of electricity generated from renewables increases by 18.6% by 2020.
Similarly, the output of natural gas increases by 7.7% owing to lower natural gas prices. The changes in output of other electricity generation technologies are similar to that of the previous scenario.
Discussion
This paper outlines the use of the PHILGEM-E CGE model to examine the likely impacts on the economy of the Philippines from the introduction of various mitigation strategies, modelled in three simulations.
In Simulation 1, where a carbon tax is imposed, this action curbs emissions by 9.8% compared to the baseline projection by 2020, including a reduction in coal emissions by 8.2%. GDP is 0.6% lower than baseline in 2020, led by identical falls in consumption and investment. Income effects for households are similar across broad regional groupings -a 1.16% decline for rural households and a 1.22% decline for urban households.
Simulation 2 analyses the economy-wide effects from 2015 to 2020, of a 2% across the board energy efficiency improvement in all non-energy industries, and a 2% over-all efficiency improvement in all electricity generation types. In this simulation, emissions fall by 8.5%
compared to the baseline projection by 2020. The decline is spread out amongst fuel types, with coal seeing a decline of only 4.2%. GDP is higher than the baseline at around 1.9% compared to the projected 2020 level. Negative impacts on both exports and imports offset one another to some extent, with consumption and investment showing increases. Unlike the carbon tax simulation, income effects for households are similar across broad regional groupings -a 2.36% increase for rural households and a 2.35% increase for urban households.
Simulation 3 examines the effect of energy efficiency combined with an alternative electricity generation mix policy. From 2015 to 2020, a 10% shift from coal-based to renewable-based electricity sourcing is imposed. In this simulation, a fall in emissions of 11.0% compared to the baseline projection by 2020 represent the most marked decline among all three simulations.
The decline is spread over all fuel types, although to a lesser extent than under Simulation 2.
Coal sees a decline of only 7.7%. GDP is higher than the baseline at around 1.9% compared to the projected 2020 level. This is a similar result to Simulation 2, with negative impacts on both exports and imports offsetting one another to some extent, while consumption and investment show increases. Also, income effects for households are similar across broad regional groupings -a 2.36% increase for rural households and a 2.37% increase for urban households.
Conclusion
Various policy strategies on climate change mitigation have mixed results for the Philippines, particularly in terms of their impact on the country's external account. This study shows the results from the simulation of three climate change policies using the PHILGEM-E model. They indicate that a policy response which encourages efficiency measures and a change in the mix of fuels used in electricity generation, has the lowest medium term impact on the economy (to 2020) in comparison with the introduction of a carbon tax. 
